Effect of inotropic stimulation on mitochondrial calcium in cardiac muscle.
Ca(2+)-dependent activation of citric acid cycle enzymes has been demonstrated in isolated cardiac mitochondria. These observations led to the hypothesis that Ca2+ is the signal coupling myofibrillar energy use to mitochondrial energy production in vivo. To test this hypothesis we have measured mitochondrial Ca2+ content during increased energy demand, using electron probe microanalysis. Mitochondrial Ca2+ was measured in hamster papillary muscles rapidly frozen at the peak rate of tension rise under control conditions and after stimulation with the beta-adrenergic agonist isoproterenol (10(-6) M). A third group of muscles was frozen after incubation in low (46.5 mM) Na+ solution to Ca2+ load the cells. Pyruvate dehydrogenase activity was measured in each of the muscles. Isoproterenol caused a 39% increase in force and a 43% increase in pyruvate dehydrogenase activity but no change in mitochondrial Ca2+ (0.46 +/- 0.19 (S.E.) mmol of Ca2+/kg, dry weight) compared with control (0.54 +/- 0.12). In contrast, low Na+ increased pyruvate dehydrogenase activity by 56% and also elevated mitochondrial Ca2+ to 1.28 +/- 0.31 (p less than 0.02). These results demonstrate that mitochondrial Ca2+ is not elevated after inotropic stimulation of cardiac muscle by beta-adrenergic agonists although pyruvate dehydrogenase activity is increased. We conclude that Ca2+ uptake by mitochondria is not a requirement for activation of mitochondrial respiration after increased energy demand.